The effects of magnesium and iron salts on the recovery and growth of chillstressed cells of Vibrio parahaemolyticus were studied. Supplementation of glucose salt Teepol (GST) broth with 20 to 100 mM of Mg2e significantly (P c 0.05) Confirmation of several outbreaks of foodborne infection caused by Vibrio parahaemolyticus in the United States during the past decade has encouraged increased research effort to define optimal conditions for detection and enumeration. The bacterium is found primarily in brackish coastal waters and sediment and on sea life taken from these environments. The methodology for enumerating the organism on seafoods has been therefore largely directed toward shellfish.
The effects of magnesium and iron salts on the recovery and growth of chillstressed cells of Vibrio parahaemolyticus were studied. Supplementation of glucose salt Teepol (GST) broth with 20 to 100 mM of Mg2e significantly (P c 0.05) increased the number of cells recovered from oyster homogenate stored at 30C. Populations detected with supplemented GST were comparable to those obtained with Horie arabinose ethyl violet (HAE) broth, with or without Mg2e.
Recovery of V. parahaemolyticus from homogenates stored at -18°C was also improved when enrichment broths supplemented with Mg2e were used. Ferric iron (added as FeCl3) at 240 uM in GST and 240 or 960 uM in HAE significantly enhanced the extent of recovery of chilled cells. Ferrous iron was generally less effective. Teepol did not influence the growth of nonchilled cells, but significantly reduced the viable population in suspensions of chilled cells when used at a level of0.4% in GST. The relatively high pH (9.0) of HAE caused a significant reduction in the number of viable, chill-stressed cells of V. parahaemolyticus. The overall results indicated that HAE broth is superior to GST for recovering V. parahaemolyticus from refrigerated and frozen oyster homogenates.
Confirmation of several outbreaks of foodborne infection caused by Vibrio parahaemolyticus in the United States during the past decade has encouraged increased research effort to define optimal conditions for detection and enumeration. The bacterium is found primarily in brackish coastal waters and sediment and on sea life taken from these environments. The methodology for enumerating the organism on seafoods has been therefore largely directed toward shellfish.
Several researchers have demonstrated that V. parahaemolyticus is readily inactivated at refrigeration and freezing temperatures (2, 5, 9, 16, 18, 22, 24, 25) . Like many bacterial genera, cells of V. parahaemolyticus may undergo injury upon exposure to refrigeration or freezing conditions (3, 17) . Cells have been shown to exhibit signs of damage after exposure to a temperature of 20C for periods of time as short as 30 min.
Cold-stressed cells are more sensitive than are nonstressed cells to selective conditiofis in most enrichment broths. In such media, stressed cells may fail to repair their injured sites and appear nonviable. Sublethal injury can be repaired, however, if cells are exposed to suitable recovery environments. In general, the repair process is characterized by restoration of altered permeability, synthesis of the lost intracellular pool, regeneration of ribonucleic acid (particularly ribosomal ribonucleic acid), or synthesis ofprotein and adenosine triphosphate (4) .
Methods currently used for detecting V. parahaemolyticus recommend the use of several enrichment media which contain various types of selective agents (7, 12) . Little is known about the effects of these selective conditions on resuscitation of chill-injured cells. Furthermore, no reports have been issued describing the recovery of cold-injured V. parahaemolyticus in enrichment broths supplemented with various cations, although magnesium has been reported to benefit the stability and resuscitation of heat-damaged V. parahaemolyticus (10, 11) and Staphylococcus aureus (13, 15) . The extent of dependency of injured cells of V. parahaemolyticus on iron during the period in which increased rates of synthesis of adenosine triphosphate mr.' occur as part of the repair process has not L)een reported. The purpose of this study was to evaluate the effects of selective conditions of enrichment broths and magnesium and iron salts on the recovery of chilled V. parahaenolyticus.
MATERIALS AND METHODS
Organism and growth conditions. V. parahaemolyticus strain 8700 (serotype 04:K11) was used throughout the study. Tryptic soy broth (Difco, De- troit, Mich.) supplemented to contain 3.0% NaCl (TSBS, pH 7.3) served as the medium to culture cells for all subsequent experiments designed to evaluate efficacy of enrichment broths. Stationary-phase cells (16 h at 30°C, with agitation) were used as test inocula.
Demonstration of chill injury. A portion (10 ml) of stationary-phase culture was transferred to a 500-ml Erlenmeyer flask containing 190 ml of 0.1 M potassium phosphate buffer (pH 7.3) supplemented with 3% NaCl (wt/vol) and equilibrated at 3°C (treated) or 30°C (control). After continuous stirring for 30 min, 1 ml of suspension was transferred to 100 ml of TSBS and TSB containing 8% NaCl. Growth of V. parahaemolyticus in these media was followed by measuring the absorbance of cultures at 620 nm over a 13-h period of incubation at 30°C. The viable population of cells in chilled and control salt buffers immediately before recovery in TSB containing 3 and 8% NaCl was determined by surface plating appropriate dilutions on thiosulfate-citrate-bile salts-sucrose agar (TCBS; BBL Microbiology Systems, Cockeysville, Md. (ii) Studies with inoculated oysters. Oysters (Crassostrea virginica) purchased from a local fish market were comminuted with a Toledo grinder equipped with an extrusion disk with holes 0.5 cm in diameter. Salt buffer suspensions of cells of V. parahaemolyticus with viable populations of 4 x 105 to 5 x 105/ml were added to oyster homogenate at a ratio of 1:10 (vol/wt). After thorough mixing, 25-g samples were deposited in sterile plastic bags and immediately placed in forced-air chambers at 3 and -18°C. Duplicate inoculated and uninoculated samples were withdrawn after selected storage periods, combined with 225 ml of salt buffer, and homogenized with a stomacher (Lab-Blender 400, Dynatech Laboratories, Inc., Alexandria, Va.) for 1 min. Two enrichment broths (GST and HAE), with and without various concentrations of magnesium and iron, were evaluated for their suitability to support the repair and growth of V. parahaemolyticus. The MPN technique was used; positive cultures were streaked on TCBS, and a minimal number of biochemical tests were employed to confirm the presence of V. parahaemolyticus (7) .
Oyster homogenates stored at 3 and -18°C were also examined for total aerobic populations by plating an appropriately diluted portion on plate count agar. Colonies were counted after 5 days of incubation at 210C.
Statistical analyses. Data presented represent averages of a minimum of two replications run in duplicate. Duncan's multiple range test (6) was used throughout the study to test for statistically significant differences (P c 0.05).
RESULTS AND DISCUSSION Demonstration and chill injury. The double salt technique, i.e., the use of a nutrient medium containing two concentrations of NaCl to culture stressed and control cells, often is used to detect injury. In the present study, an increased sensitivity to 8% NaCl in TSB was noted for cells of V. parahaemolyticus which had been treated at 3°C for 30 min compared with control cells. Thus, a scheme was established to study the recovery of chill-stressed V. parahaemolyticus in original and modified formulas of GST and HAE broths.
Teepol concentration in GST. One reason for increased sensitivity of stressed cells is that permeability barriers are not totally functional in excluding the entry of antimetabolites. Surface-active agents in recovery broths at concentrations innocuous to healthy cells may, at the same concentration, be detrimental to injured cells (20) . It (Table 2) . Data indicate that highest populations of nonchilled cells were detected in HAE broth at pH 7.0 to 8.5, whereas a significant reduction in MPN was observed at pH 9.0 compared with that at pH 7.0. Results indicate that chilled cells are more sensitive to both neutral pH and pH 9.0 than are nonchilled cells. Based on these findings, it is tempting to advise that the pH of HAE broth be lowered to 8.5 when used as an enrichment broth for enumerating V. parahaemolyticus in chilled seafoods. However, it should also be realized that some loss in selectivity will occur with this reduction in pH.
Magnesium and iron salts in enrichment broths. (i) Studies with pure cultures. Preliminary studies designed to monitor the growth of chilled cells of V. parahaemolyticus spectrophotometrically revealed that certain magnesium and iron salts appeared to stimulate the repair process. Tests were then conducted to determine the effects of selected salts added to GST and HAE broths on recovery of V. parahaemolyticus by the MPN technique. Results from studies with magnesium-supplemented salts are summarized in Table 3 Iron is an essential component of the cytochrome system, acting as an electron acceptor and donor in the electron transport scheme to produce adenosine triphosphate. It might also play a critical role in the recovery of chill-injured V. parahaemolyticus, because increased energy requirements via adenosine triphosphate production have been noted to be necessary for repair of injured cells (19) . Tests were therefore conducted to determine the effects of supplementing GST and HAE broths with iron salts on recovery of chilled V. parahaemolyticus. Results are presented in 
